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Introduction 

High pressure hydrogenation reaction of coal i s  an exothermic reaction 
accompanied by heat generation and hydrogen consumption. As compared against  
autoclave experiments, when high pressure DTA i s  applied i t  i s  possible t o  conduct 
a rapid and simple follow up of the course of reaction over a wide thermal range, 
and the r e su l t s  obtained a re  of considerable in t e re s t .  

by the  p r  sen t  workersS!: we have conducted measureme t s  of the heat of coal hydro- 
genationzy and desulfurization reaction of heavy oi137. Following the above we 
have carried out comparative studies of ca t a ly t i c  ac t iv i  y 
regard t o  hydrogenation of aromatic compounds and coal s41-63. 

DTA apparatus. 
2 ce l l  DTA apparatus, was designed i n  such a way a s  t o  have a simpler heating 
r a t e  control and a higher measurement s ens i t i v i ty .  

Up t i l l  the prese u t i l i z ing  a 2 ce l l  high pressure DTA apparatus developed 

nd r eac t iv i ty  with 

In the present paper, f i r s t  we wi l l  describe a newly developed s ing le  ce l l  
T h i s  s ing le  ce l l  apparatus, as compared against  t he  conventional 

Next, i n  the hydrogenation reaction of coal,  generally i t  i s  n o t  qu i t e  so easy 
t o  maintain o r  obtain a contact of hydrogen and the  coal sample. 
present work we did not use s t i r r i n g ,  but instead we made an even mixture of the  
unreacted so l id ,  namely cr-Al20 was mixed a t  various r a t e s  with the  coal sample, 
and by gradually chenging the Zydrogen ava i l ab i l i t y ,  we investigated the re la t ion-  
s h i p  of mesophase fromation and hydrogenation. 

Next, under the  condition of a su f f i c i en t  hydrogen ava i l ab i l i t y  necessary f o r  
the coal hydrogenation reaction, the  exothermic peaks were measured and the reaction 
course of coal hydrogenation was investigated.  

T h u s ,  i n  the 

Experimental 

Sample 
The present work was undertaken as  par t  of a s e r i e s  of s tud ies  on hydrogena- 

t ion  of the petrographic composition of coa l ,  i n  t he  study v i t r i n i t e  concentrate 
hand-picked from Bayswater and Liddell seam coal (N.S.W., Aus t ra l ia )  w i t h  a h i g h  
vo la t i l e  bitumous rank were used. 
petrographic and chemical analysis of the hand-picked samples a r e  given in  Table 1.  

Apparatus 

thermoconples (1.6 mm diameter) and a heat-sink, which a re  placed in an ordinary 
autoclave (25 mn i .d . ,  50 ml capac i ty) .  

The pa r t i c l e  s i z e  was under 100 mesh. The 

The essentcal par t  of the  single-cell  DTA apparatus comprises two sheath 

One thermocouple i s  inser ted  in to  a hole 
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i n  t h e  heat-s ink and the  o t h e r  i n t o  t h e  sample. 
r e a c t i o n s  can be detected by measuring t h e  temperature d i f f e r e n c e  between t h e  
heat-s ink and t h e  sample. 
as a DTA curve. 
by u s i n g  a pressure t ransducer  and an a m p l i f i e r .  

Experimental cond i t i ons  
The sample coal was impregnated wi th  accu ra te  10% ZnC12 us ing an ethanol  

s o l u t i o n  and was subsequently evaporated t o  dryness i n  a vacuum d rye r .  
t h i s  sample was used f o r  each h igh  pressure DTA experiment. 
hydrogen a v a i l a b i l i t y ,  t o  each sample 0-5.5 g o f  unreacted s o l i d  namely a-A1 03 o f  
80 mesh was mixed i n  evenly .  
i n t o  t h e  autoc lave,  and a t  a hea t ing  r a t e  o f  3"C/min, t h e  temperature was r a i s e d  
t o  a g iven p o i n t  and t h e  DTA and pressure change cu rve  was measured. 
a g i ven  temperature, t h e  au toc lave  was immediate ly  removed from t h e  furnace and 
a l lowed t o  coo l  i n  a i r  and t h e  temperature was lowered a t  a r a t e  o f  35"C/min. 
A f t e r  coo l i ng  down t o  room temperature, t h e  r e a c t i o n  products  were analysed us ing 
a Soxhlet  e x t r a c t o r  and a gaschromatography. O i l  i s  de f i ned  here as a hexane- 
s o l u b l e  f r a c t i o n  and asphal tene as benzene-soluble, hexane- insolub le f r a c t i o n .  
The s o l i d  res idues  were examined under a r e f l e c t e d  l i g h t  microscope. 

Exothermic o r  endothermic 

Th is  temperature d i f f e r e n c e  can be recorded on a cha r t  
The pressure change can a l s o  be recorded on a c h a r t  s imul taneously  

5.5 g o f  
I n  o rde r  t o  va ry  the 

Hydrogen i n i t i a l  pressure 100 kg/cm2 was charge8 

A f t e r  reaching 

Resu l t s  and d i scuss ion  

1. The e f f e c t  o f  hydrogen a v a i l a b i l i t y  on coa l  hydrogenat ion and DTA 

Previous work7) by t h e  p resen t  au tho r  showed t h a t  t h e  fo rma t ion  o f  the mesophase 
d u r i n g  coal hydrogenat ion was c o n t r o l l e d  no t  o n l y  by temperature and t ime  b u t  a lso 
by hydrogen a v a i l a b i l i t y .  

I n  the cases where coa l  hydrogenat ion was c a r r i e d  w i t h o u t  t h e  use o f  v e h i c l e  
o i l ,  s i nce  s t i r r i n g  i s  d i f f i c u l t ,  i n  the present  case a new techn ic  was attempted, 
namely by m ix ing  unreacted s o l i d ,  a-Al2O3, even ly  i n t o  t h e  sample under va r ious  
r a t i o s ,  the hydrogen a v a i l a b i l i t y  was g r a d u a l l y  changed. I n  F ig .  1, t h e  DTA curve 
and pressure change cu rve  obta ined by mix ing i n  0-5.5s o f  a-A1203, and r a i s i n g  the 
temperature t o  450"C, a r e  shown. F i g .  2 showns t h e  r e s u l t s  o f  analyses o f  t h e  
r e a c t i o n  products a f t e r  c o o l i n g  down t o  room temperature. From microscopic  obser- 
v a t i o n s  of t h e  e x t r a c t i o n  residues, i n  t h e  case where l e s s  than  2.5 g o f  a-Al203 
i s  mixed in ,  i t  was shown t h a t  w h i l e  the mesophase formed, when the  a d d i t i o n  o f  
a-Al203 was increased ove r  3.3 g the  mesophase was n o t  formed. 
microscopic  observat ions d u r i n g  the  exothermic peak format ion,  i t  was considered 
t h a t  t h e  r e a c t i o n  proceeds i n  t h e  f o l l o w i n g  manner. 
exothermic peak on t h e  lower  temperature side, t h e  coa l  p a r t i c l e s  a r e  independent 
of each other, and s i n c e  t h e  c o n t a c t  wi th hydrogen i s  good, t h e  hydrogenat ion 
r e a c t i o n  proceeds r a p i d l y  accompanied by heat  generat ion and hydrogen consumption. 
However, on t h e  h igh  temperature s i d e  o f  the exothermic peak, because o f  t h e  me l t i ng  
P o i n t  aided b y  a s l i g h t  l i q u e f a c t i o n ,  i t  was noted t h a t  t h e  coal  p a r t i c l e s  mel ted 
and agglomerated. Because of t h i s ,  t h e  c o n t a c t  o f  coal  and hydrogen became poor  
and t h e  hydrogenation was terminated.  As t h e  temperature i s  r a i s e d  h igher ,  
mesophese format ion proceeds accompanied by dehydrogenation and the  e v o l u t i o n  o f  
carbon d iox ide.  
reSUl t s  of DTA and m ic roscop ic  obse rva t i on  toge the r  w i t h  anajyses o f  t h e  products, 
i t  was shown t h a t  hydrogen a v a i l a b i l i t y  was i n  s u f f i c i e n t  q u a n t i t y .  

2. 

I n  t h e  former, from 

I n  t h e  former h a l f  o f  t h e  

I n  t h e  case where more than 3.3 g o f  cr-Al20 i s  mixed in, f rom the  

Reaction course o f  c o a l  hydrogenat ion 

I n  order t o  i n v e s t i g a t e  t h e  r e a c t i o n  course o f  coal  hydrogenation, the tempera- 
t u r e  r i s e  was terminated a t  1 0  p o i n t s  o f  t he  exothermic peak and a f t e r  c o o l i n g  down 
t o  room temperature, t h e  r e a c t i o n  products were analysed as shown i n  F ig .  3. These 

290 



exothermic peaks were measured under the conditions of an adequate hydrogen 
ava i l ab i l i t y  necessary f o r  the  coal hydrogenation reaction, produced by an 
addition 4 g of a-Al2O3. 

From these r e su l t s ,  the following reaction course was derived. 

Coal---,(Preasphaltene)j Asphaltene + Oil 
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Fig. 1 DTA and pressure change curues in hydrogenation 
reaction o f  Bayswater seam coal 
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